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AERODYNAMIC AND HYDRODYNAMIC TESTS OF A FAMILY OF MODELS OF FLYING-BOAT

HULLS DERIVED FROM 1A STREAMLINE BODY—NACA MODEL S4 SERIES

By JOHNB. PAIt-SON, ROLANDE. OLSON,EUGENHC. DmmY, and AIzvo A. LUOMA

. SUMMARY .

A sti of relatedforms of j?ying-boa$ hulls reprtxwting
various degrem of compromtie betweeng.erodynamicand hydro-
dynamic requirementswas tated in .Lm.gley tank no. 1 and in
th-sLungley S#oot high+eed tunnel. The puxpose of the
investigationwm to provide information regardi~ the pen.alti
in wa.?erperformancerewdtingjromfurt.b aerodynamicre$ne-
meni and, m a corollary, to provide information regarding tlw
penultia in range or pag load malting from the relention of
cvtuin ohtiable hydrodynamic characteristti. 21.e informa-
tion shouldform a bti for over-allimprovemerdsin hullform.

The reluted moo?e.kof the series were bawd on an arbitra~
streandim bodg of revoltiwn. The variations in foti were
developedin mu% a way as to Aow clearly the e~ect of con-
ventionaldepartuw from the ideal 8treandin.ebodg madein the
design ofjZying-boathulk.

Tlw mode+?-swere 11.486 inehe8 long and the dianwter of the
bmic streamlineform tom 16.9g inches. In the hydrodynamic
te.%%trtx%tunce and trim or trimming mom-antswere mecmured
at d? speeds and lomi%of intere-stand the spray patkrrw were
photographed. Iri the aerodynamic testi, lift, drag, and pitch-
ing momentwere meamwedwith transitionjixed at 6 pmceni qf
the length, a$speede up to @O mike pm hour, and at Reynoti
number8up to 30,000,000.

The re& of the hmMigation are eummarizd w follows:

(1) E’ffeet of va~ing heigh$of bow

Incrtxmingthe lwighiof t-h bow by warping theform decrease8
the trim and increases ti re@tunce ai low 8peeo?s. A low bow
runs cleaner in moth uxu% than a high bowof thesame.?imgth
beeaum of h increasedfore-adafi curvatureof the high bow.
Increaing the height of a wa%faired bow by ~ping theform
luMonly a renal-ladver8eefwt on the aerodynamic drag.

(~) E#ect of varyi~ h.eighi Of 8.k77L

Incre(w-ingh height of the - by w-ping the basicfom
but holding h afirbody PO*W incremw r&nce and
trim at 8peed8below the hump, decreuwx the hump speed, and
does not a~ect the tm?weof the m.aaimurnrehkznce at the hump.
A low skrn runs awu.shand requimx a higher positim of the
tai? w@ces reluiwe to the M. .lncrw.ng the lwighi of the
8tern by warping the bti form but holding the afterbodyP06
tion jix.d ha a large’adver8ee$ect on the aerodynamti drag;

warying b hei@ of& St&71 of the strea?nhw bodg done km

no adver8eefect on the dragbut increases the angle Qfminimum
drag aa w& be expeebd.

(S) Efiect of increasing angle of dead tie at bow
I.nmeting the angle of da+i?rice at the bow by dropping the

keel line realm only 81ightlythe re-sistunceat low speeds bui
ramlts in a lurge improvement in eleannme of running. The
modification is oui of the water at the hump epeed and for a
welLfairedform h Ji.tiJeor no efect on the aerodynamic drag.

(41 Z2W of o?emtiw angle of dead rise on ajterbody
Darting the angle of dead ri8e on f-hea~body o?ecreaaes

tha trim at 8peecikup to and including the hump speed. The
decrea8ein trim red= the remktarweat tie speeak and tends
to incnme the clearanceof the tad extemmh.

(6] lj!!ect of increming depth of 8tep
In.brewing the depth of the step by raiting the a~er~ody

paraL?elto itself hm only a renal!e~ezt on remktana and spray
ai low 8peed8 ad ckmu.ses ?’tI&anCe & pbning speeds. Too
“8ha.bw a step re4w.?i8in a trioknl instability ~ high 8peed8that
is mod pronounced when the afterbody keel approachtx th
horizontal Inerem.ng the &pth of step from S.6 to 4,4 per-
cent of the beamincreaw the aerod~mic drag only 2 pwcent.

(6) E@ of increwing angle of g%rbod~ keel
Increwi% the angle of a~erbodyke+dr.&8 in largeincreuwx

in trim and rem%tan.wai the hump speed, most of tlu iwease
in res%an.ce being aM-ilndedto the i?wreasein trim; it 10wer8
the resistance at planing 8peed. A low angle of a~erbody keel .
rtxuh%in the e+%unatrunning at low sped. Increaing the
angle of afterbody ked iweases the trim al which tti m“olent
in4zbility rewl.tingfrom too 8h.albw a 8tep will be encountered.

(7] E$eet of addition of chineJ?ure
Chinefire added tnia+or to the straighJbottom 8ectwns of

the forebody h.m on+?ya small eJect on tlhtrem%tanceand trim
up to and inchuling the hump speed M rds in a marked

(Jimpr ement in cleanmxwof running. Chinejare ad.dkdto the
ajterbody reductx the rw.8tame at the hump qoeed and dightly
increases the re8i8tan.ceai pluming 8peed8.

(8) Ejeei of aciliitionof th+d pluning swrface
The addition of a thirdplaning wrfaee on tlw modidwith the

lowat 8tern hm a neglig+ilh eyed m tlw trim and re8Mance—
a remarkable remdi becuwe the 8tern 8eciiG-.n4tmhul the
planing tw.ufaceare circular and heavily wetted. The addition
Oftti phni~ SNXfCZJX80i7MWh41ttWbtl.G84thz? WdtiT&7 Oftb 8tellL.
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(9) EJecl of rowndedchina at bow
Rounding the china ai the bow rwul.ts in very poor 8pray

characteristi.Min wn.oothtier and probaMg would be imp”%c-
tic.ablein rough waler.

(10) Design Churt&?

T&3re8uU8of general j%e-to-trim andji.xd-ttim te8t8 of a
model incorporating the mo8tpromtimj of thefornw tested are
prc8en/edin theform of ohign churt13for .s&nuling staiic Wer
lines and take-of performance. The aerodynamic dizia, be-
cmne of their unigm charader, are prw-n.ted completely for
uxe in estimating the e~ect of the w“ables inveNigaM on
aerodynamicperformmwe.

It is concludedthut the aerodynamic drag of a phning iype
of hull need not be more thn 2?6percen# gr.smtcrthan thzi of
the 8treandim bodyj?om which it h derived. Tln2 d@mnce
mighl be raid by th developmentof a form of a~erbody thut
has fe88in$u.ena on thejhw than does th conven.tiomdpoided
type.

INTRODUCTION .

The aerodynamic drag of hulls is an important factor in
the design of long-range flying boats, not only because of
its tiect on speed but aIso because of its influence on pay
load, which is more important. Because of the long dis-
tance involved in tranwceanic routes, the fuel load must be
a large part of the useful load carried. The pay load on
such flights is small and its size is hrgeIy dependent on the
magnitude of the fuel load, even in cases of the largest craft
now built or contemplated. Under these conditions of
operation, the weight of the fuel required for power to over-
come the drag of the hti ti Iarge in terms of pay load. The
further development of the planing type of hull for long-
range &i.ug boats, therefore, should be toward forms that
combine the lowest possible aerodynamic drag with satis-
factory hydrodynamic qualities.

The first step by the NACA in furthering this develop
ment was the investigation of two forms of hull in which
the fore and aft+w planing surfaces were shaped to follow
as closely as possible an arbitrary streamline body derived
from a solid of revolution (reference 1). The forms were
generzdly satisfactory in the” tank although they showed
some evidence of “sticking” and high water resistance at
high speeds and some “dirtiness” at low speeds. Their
aerodynamic drsg was low enough, however, to warrant the
acceptance of a certain degree of poor water performance.

It was evident horn the tank twts of these models that
the limitations on reductions in aerodynamic drag imposed
by the hydrodynamic requirements were got deiinite enough
to provide simple guides for the most favorable comp misc.

7It was therefore decided tQ obtain hydrodynamic an aero-
dynamic information on a series of reIated forms of hull
representing various degrees of compromise between the
requirements in the air and on the water. These data would
make it possible to obtain an idea of the cost in water per-
formance to be paid for further aerodynamic refinement and
of the cost in range or payload to be paid for certain desirable
hydrodynamic characteristics and would be further guides

.
for over-all improvements in form. The’ NAOA model 84
series of hulls wss designed for this purpose,

The models of the series were made generally similar to
model 74-A (reference 1) except that a V-section was adopted
for the planing snrfacea instead of the section with rounded
keel incorporated in that model. The use of the V-section
resulted in slightly greater departure from the form of .&o
basic streamline body than wss the we with the cnrlier
models but seemed to be preferable for operation in waves.
In the design of the series, the plan forms of the streamline
body and the planing surfaces were held constant. Tho
variations of form included in the scope of the investigation
are as follows:

Height of bow
Height of stern .
Angle of dead rise at bow
Angle of dead rise on afterbody
Depth of etep
Angle of afterbody keel
Additfon of ohine flare
Addition of third planing eurface on tail
Rounding of chines at bow
Depth of streamlinebody

The models of the series were tested in Langley tank no. 1
to obtain the effects of the variations in form on tho wwtm
resistance, flow, and general behavior. The aerodynamic
tests were made in the Langley 8-foot high-speed tunnel and
provided an unusual opportunity to obtain the effects on
the aerodpmrnic forcw at high vrduea of the Reynolds num-
ber. The tests in both the tank and the wind tunnel wore
made with models of the hull alone and hence do not includo
the effects of inte~erences between the hull and the aerody-
namic surfaces or the possible effects of the changes in form
on the dynamic stability.

DESCRIPTION OF MODELS

The lines of the NACA model 84 series, illustrating the
mutual relationships of the variations in form, are shown in
iigure 1. Enlarged body plans showing the shape of the
transverse sections in detail are given in figure 2. The
numerical valuea of the offsets used in the construction of
the models are included in tables I to III for uso in reproduc-
ing the detailed form of the sections.

The basic forms in all cases were derived from the arbitrary
body of revolutio~ having a fineness ratio of 7.22 rmd maxi-
mum ordinate at 30 percent of the length, described in
reference 1. Because of the anticipated use of supercharged
hulk for long-range seaplanes, the basic forms were consid-
ered to represent the circular shell under internal pressure
and the modifications for water performance were, in general,
made exterior to them.

The basic cross section of the planing surfaces is a straight ~
V having an angle of dead rise of 20°. The sides of tlm V
were drawn tangent im or as close to the circular section of
the basic form ss the proper longitudinal form of the planing
surfaces would allow. TypieaI relationships betwcon. tlm
sections of the planing surfacea and those of the basio forms
are indicated on the body plans.
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I In all the models, the axis of the body of revolution was
, taken as the base line. The variations in height of bow and

in height of stern were obtained by bending the h (center
of radii) vertically upward iYom station 10, which is at the
maximum ordinate, toward the ends. In the variations of
the bow, the sections of bows 1, 2, and 3 and the sections of
bows 2B and 3B are the same, the differences being in their
vertical position. The axis of bow 1 is horizontal and
coincides with the base line. The chines at the bow are located
in a pkmo passing through the axis of revolution of the basic
form. The curvature of the axes of bows 3 and 3B is such
M to give a horizontal deck line forward. The heights of
the axea of bows 2 and 2B are on-half those of bows 3 and
3B; thus tie variations in height of bow sections in the series
are. linear. In the variations of the stern, the height of the
basic form was changed but that of the planing surfaces
was held constant. The axis of stern 1 is horizontal and
coincidca with the base line. This stern was not included
in the hull models because the tail obviously is too low for a
suitable support for tail surfaces and for proper location of
the after plming surface exterior to the basic form. The
curvature of the axis of the basic form of stern 3 is such as
ta give a horizontal deck line aft. The heights of the axes
of sterns 2 and 2C me one-half those of stern 3 and the heigjhts
of the axis of stern 4 me 1.5 times those of stern 3; thus the
variations in the height of the basic form aft and in the verti-
cal distance between the basic form and the after planing
surface are Iinenr.

In bows 1, 2, and 3, the V-bottom sections are tangent to
the basic streamline form and have a constant angle of dead
rise of 20°. These sections result in a developable bottom
surfctce and ct minimum departure from the basic form for
V-sections exterior to it. In bows 2B and 3B, the original
keel line was dropped to give a progressive increase in angle
of dead rise from 20° at station ‘1O to 60° at the bow. This
modification results in greater departure from the basic
form but provides a sharper entrance for the immersed
portion of the hull. ‘

The chine flare is exterior to and tangent to the straight
V-sections and therefore slightly reduces the effective dead
rise, l?orward of station 10, its width is one-tith the half-
breadth and it is curved to be h@zontal at the chine. Aft
of station 10, the width of the chine flare is arbitrarily re-
duced to 18 percent of the half-breadth at the step and the
angle of the chine is slightly above the horizontQ In this
regiop, the width inboard of the flare ~k mnstmt. @ tie
afterbody, the foim of the flare at each station is the same
as at the step. The models were originally made with the
flare, which was removed during the tank teats by planing
it off.

The models of the swim were made with a common depth
of step of 2.58 percent of the beam at the step and an angle
of afterbody keel of 5.50°. These values resulted in the
highest position of the afterbody planing surface for stern 2
without cutting into the basic form aft and represented the
lower limits of depth and angle used in practiqe. Higher
values were obtained with removable blocks fitted in stern 4,

which had sufEcient clearance between the highest after-
body position and the basic form to avoid
Five blocks were provided as follows:

cutting into it.

I

B1wk r%$%lt a%%;
beamat step . kealjde#

Block 4 was made with chine flare, which was subsequently
removed. For simplicity, the remaining blocks were made
with straight V-sections and the models were tested with
chine flare on the forebody only.

An additional block, block +@ having straight V-sections
with the angle of dead rise decreased from 20° at the step
to 0° at the stern post was provided for stern 4. In this

block, the depth of step was 2.58 percent of the beam at the
step and the angle of afterbody keel was 7.25°.

Stern 2C is the same as stern 2 except that the shape
of the basic form was altered to provide a third planing
surfQw under the tail for cleaner running during immersion
at low speeds. The surface has stiight V-sections with
20° angle of dead rise and fades out above the afterbody
planing suface in the usual manner. In this case, the
surface cuts into that of the basic form; it is unlikely that
this part of the hull would be supercharged. Stern 2 was
chosen for this modification because of the additional dirti-
ness expected with the low tail, which would not be so
marked in the case of the higher tails.

Bow 1A is the same as bow 1 except that the chines are
rounded forward of station 7 using an expanding radius
as shown on the body plan (@. 2 (a)). This modification
was applied only to the low bow- becnuse the hydrodynamic
effect of the rounded chines would be less marked in the
case of the higher bob.

Figure 3 shows profiles of the models tested in the wind
tunnel in the present investigation. Nfose 1 and tail 1
reproduce the body of revolution from which the models
of the series wwre derived and the combination represents
the strean+e body of lomxt drag with which the drags of
the hull ‘models may be compared. In the second form,
the depth of the original body is. arbitrarily increased 50
percent by inseiting a-tiomn spacer at the axis of revolu-
tion. This modification does not affect the hydrodpamic
characteristi&’ &d therefore was not included in the tank
series. The rest of the forms investigated ale the same as
those tested in the tank. .

The models of the series are identified in the data from
the tests according to table IV. The models wwre made of
ltiated white pine in sections, divided verticrdly at sta-
tion 10 (maximum beam) and horizontally along the axes of
the basic forms. The bow and the stern sections were
bolted together internally and the top and bottom halves
were held together by through bolts; the recesses for the
nuts of these bolts were iilled with beemwm and plasticize.
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This arrrmgmmnt provided the variety of forms described
with the minimum of component parts and a means of in-
creasing the depth of any model by spacers, as in model 84-1.

For the tank tests, the models were filled by several coats
of thinned varnish and finished with three coats of grey pig-
mented varnish rubbed between coats. Special oare was
taken to prevent swelling of the pieces because of moisture,
and the slight ledges at the joints found on assembly were
satisfactorily faired with beeswax.

For the ~erodynamic teds., from 14 to 20 coats of lacquer
were sprayed on the models and the lacquer was sanded be-
tween coats. The final coat of lacquer was finished by
sanding in the direction of air flow with No. 400 Carborundum”
paper until the Models were aarodygamicxdly smooth. Un-
fortunately, the photographs indicate a degree of irregularity
and roughness that did not exist. This appearance of rough-
ness was caused by the variation in shades of the iiller and
tho paint that were used. ,

HYDRODYNAMIC TESTS

APPARATUSANDPROCEDUBE

Langley tank no. 1, in which the models were towed, is
described in referenea 2. The most comprehensive descrip-
tion of the present equipment and of methods of testing
may be found in reference 3.

Most of the variations in the series are of such a nature
that the parts changed are clear of the water except at low-
speeds when the models are deeply immemed. At these
speeds, the water forces predominate and the trim is not
greatly influenced by the position of the center of gravi~
or by external moments applied by the propellers and aero-
dynamic surfaces. It was therefore considered adequate to
investigate the eiTect of the variations by general free-to-trim
tests up to the speed at which the aftmbody planing surface
was first clear of the water. This procedure provided
representative information on resistance and flow about
the models at trims corresponding to those encountered in
practice. At the same time it greatly reduced the testing
required to obtain similar information by general tests at
fixed trim.

In the case of variations in the form that are normally
wetted at planing speeds, the usual general tests at fixed
trim were made over a wide range of speed, load, and trim
to determine the effect of the variations in for.mi on the re-
sistance and behavior at high speeds and in addition to
provide data for design purposes. All the models were
tested by the general free-to-trim method at low speeds and
models S4-Kl?, 84-EF-1, 84-En-3, and SZ&EF-4 were tested
by the general fixed-trim method. .

In the free-to-trim tests, the model TVaafree to pivot about
an assumed center of gravity and was balanced about this
point. For convenience, the pivot was located above the
deck line on the assumption that small changes in vertical
position would have small effect on the trim. Model 84-EF,
having the low bow and high stern, was tested first with

three longitudinal positions of the center of gravi~. From
the results of three tests, the position 7.20 inches forward
of the step was chosen ti a suitable common position for
all the models and as the cxmter of moments for the tests at
iixed trim.

The appearance of excessive dirtiness and spray at the
bow at low speeds was assumed to indicate the maximum
practied load and was found to be that corresponding to a
load coefficient of 0.8 at the hump speed. It was not consid-
ered advisable to go to higher load coefficients with -the
length-beam ratio used in the series even in the” case of the
higher bows.

In judging the eilects of the variations on water perform-
ance, the flow and spray were considered the most important
hydrodynamic data because of the small effect of most of the
variations in form on the resistance at the hump speed. A
large number of photographs of the spray patterns were
obtained to record the eilect on the spray pattern of the
changes ih form and to aid’ in determining suitable com-
promises with the aerodynamic properties as determined in
the wind-tunnel tests. Tests involving variations in the
form of bow generally were photographed from ahead of the
model in order to obtain indications of the relative heights
of the bow spray; and tests involv@ variations in the form
aft were photographed from behind to record the spray
pattern in the region of the tail extension.

RESULTS AND DISCUSSION

- The results of the model 84 series tests were reduced to
the usual coefficients based on Froude’s law to make them
independent of size. In this case, the maximum beam was
chosen as the characteristic dimension. The nondimensional
coefficients are defined as follows:

CA load coefficient (Ajwb3)
OR resistan~ coefficient (R[wb’)
Cv speed coefficient (V/~b)
CM trimmiug-moment coefficient (M/wb4)
Cd draft eoef%eient (d/b)
where
A load on water, pounds
w speciiic weight of water, pounds per cubic foot (63.3

for these tests; usually taken as 64 for sea water)
mb maximum beam, feet
R resistance, pounds
V speed, feet per second

9 acceleration of gravity, 32.2 feet per sacond per second
M trimming moment, pound-feet
d draft at main step, feet

Any consistent system of units maybe used. The moment
data are referred to the center of moments shown in figure 1.
Tail-heavy moments are considered positive. Trim is the
angle between the-base line of the model and the horizontal.

Seleotion of the longitudinal position of the center of
gravity.-The results of the general free-to-trim tests of
model 84-EF at three fore-and-aft positions of the center
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of gravity are shown in” figure 4. Moving
the center of gravity tim 5.7 inches to
7.2 inches forward of the step caused a small
decrease in trim and a small reduction in
rwisttume. Changing the position from 72
inches to 8.7 inchbs forward of the step
produced a negligible variation in resistance.
At the most forward position, the low trim
made the bow appear dirty and the model
displayed a. greater tendency toward longi-
tudinal instability. The in~ediata posi-
tion, 7.2 inches forwaxd of the step, was
used for the rest of the investigation.

Effect of varying the height of the bow.—
Raising the bow, if the forebody length is
kept constant, reduces the buoyant and
hydrodynamic lift of the forebody at low
speeds. This reduction results in the de-
crease in trim at low speeds shown in the
general free-to-trim curves of figure 5. The
decrease in trim is accompanied by a deii-
nite increase in resistance for the higher
bows, models s4-BF and 84-CF. In the
case of the higher bows, the increased con-
vexity of the buttock lines produces a more
blunt entrance into the water, causes a tur-
bulent bow wave (figs. 8 to 11) to b? thrown
forward, and increases the resistance. The
approximate heights and densities of tie
spray for the three bows may be compared
in the photographs of iigures 6 to 11. The
low bow-, model 84-AT, representing the
smallest departure from a streamline form,
not ordy has the lowest resistance but aIso
is the cleanest running bow.

Ilemoving the chine flare did not chauge
the order of merit of the bows but accentu-
ated the increased turbulence of the high
bow. The use of any of the bows without
the chine flare “ is inadvisable, however,
because of the height and the amount of
the spray at low speeds (figs. 7, 9, 11).

It must be remembered that the curves
and photographs givau were obtained
from tests made undm relatively smooth
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water conditions. .If the hulls were tested in rough water,

the low bow would be veqy ,dirty because it does not have

sufficient clearance. It is thought, therefore, that a moder-

ate departure from the basic form, produced by raisiig the

bow, would be preferable for ckan.ness at low speeds. If
the forebody was lengthened at the me time the bow was
raised, the entrance in the water would be less abrupt and

the spray characteristics woild be improved. A higher bow
of this type might be more favorable even in smooth water.

Effeot of varying the height of the stern,-A comprtrieon
of the resist~ce and trim curves for three heights of tho ~
stern is made in figure 12. This investigation was mado by
the general free-to-trim method because the portion of the
hull that was varied is completely clear of the water just
over the hump speed. The discontinuity near tho hump
speed, which is associated with the clenring of the tail from
the watar, occurs at a lower speed as the tail is ‘misod. The
maximum resistance is about the same for tho three modols
but the speed at which it occurs is lower for tho high sterns.
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Below hump speed the model with the low stern, model
84-DI?, has+t~~, lowest resistance and trim. The decreased
trim indicat~ fhat the round tail, which is wetted at these
speeds (fi$ 13), instead of producing hydrodynamic suction
actually de,velops hydrodynamic lift. The low trim is the
greatest fiwtor in producing a reduction in the resistance
becuuse the model is then running at an attitude nearer the
trim for minimum water resistance.

The effect on the spray producsd by varying the height
of the stern can be seen by studying the stern photographs
of figures 6, 7, and 13 to 16. At low speeds, the sides of
the stern of model 84–13F are wetted out to the tail, whereas
the sides of the high sterns are relatively dry. The photo-
graphs show that the tail extension for the high sterns is
clear of the water at lower speedss, as was indicabd on the
resistance curves. After the tail extension is clear of the
water, the models are all at about the shine trim and the
spray pottems are similar.

Although the low stern, model 84-DF, has the lowed
hydrodynamic resistance and is the nearest approach in the
series to a streamline form, the photographs show that it
k impractical because the deck of the tail, on which the
control surfaces are attached, is actually submerged at
some speeds and loads. Provision would have to be made to
give the tail assembly greater clearance if this form of
hull were to be used.

Remov@ the flare from the &es of the models did
not change the relative performance of the tail extensions.

Effect of increasing the angle of dead rise at botv.-The
effect of increasing the angle of dead rise of the intermediate
bow, model 84-BF, and of the high bow, model 84-CF, is
shown in the general free-to-trim curves (fig. 17). With
the angle of dead rise increased forward, a slight reduction
in the resistance is obtained before the hump speed, whereas
the change in trim produced by this variation is negligible.
With the chine flare removed, the reduction in resistance
was slightly greater. At the hump speed, the portion of the
hull affected by this change in form is completely clear of
the water.

The main effect of the variation in dead rise at the bow
is the change produced in the flow and the spray originating
o,t the bow. A comparison of iigures 8 with 18, 9 with 19,
10 with 20, and 11 with 21 shows that the iiner entrance

,, (finer water lines) of the hull, obtained by increasing the
dead rise, definitely &proved the cleanness of running at
low speeds. Instead of a heavy turbulent wave being shoved
forward, models 84-BF, 8-, 84-B, and M, the bow
wave is lighter and most of the water is thrown laterally,
models 84-FF, 84-CF, 84-F,, 84-G. The removal of the
chine flare probably accentuates this improvement in spray
characteristics. The bow of model 84–FI? appeared ta b~
the best in the series.

Effeot of a decreasing angle of dead rise on the afterbody,—
The results of the general free,to-trim tests of model

84-EF’-4 and model 84-EI?-6 are compared in figure 22. The
decreasing dead rise aft increases the lift of the nfterbody .
and therefore reduces the &. A reduction in trim of 2°
is obtwined at the hump. The corresponti~ reduction in
resistance is about 15 percent. hlost of the reduction ~
resistance is due to the lower tr.hn.

The effect of angle of dead rise on the afterbody is shown
in figures 23 and 24. l&fodel 84-EJF6 runs a little cleaner
than model 84-13F4 because of the decreased trim that
tends to bring the afterbody and tail extension clear of the
water.

Nfodel 84–EF-6 showed the least tendency toward a
lateral instability at low speeds that seemed to be inherent
in the series. b the photographs of model 84-EF4 (fig. 23)
at a speed coefficient of (&=2.13 and a load coefficient
of CA= 0.4, a laterally projected jet of water origbat~g
under the afterbody is seen striking the side of the wake.
With the heavy loads, cA=O.6 and cA=O.8, this jet has a
high enough velocity to bounce back, hitting the side of the
model forward of the stern post. This flow is g&erfly
unsymmetrical and causes the model to swing laterally on the
suspension. The instability is accompanied by a discon-
tinuity in the resistance. With a decreasing dead rise on the
afterbody, model 84-EF-6, the unsymmetric@ flow appar-
ently was reduced and the lateral instability was negligible.

It is doubtful if this instability is serious, inasmuch as it is
present in most models with pointed afterbodies that are
tested in the tank. The method of towing probably magnif-
ies this characteristic.

Effeot of increasing the depk of the step.—At low speeds,
the variation of depth of step has only a small effect on
either the resistance or the spray (&s. 25 and 26 to 28). At
the hump speed with the heaviest load on the models, in-
creasing the depth of step from 0.40 inch, model 84-El?-1, to
0.70 inch, model 84-EF’-3, resulted in a maximum increase
in trim of about 10 and a corresponding increase in resistcmce
of approximately 5 percent. The greater part of this change
in resistomce is due to the change in trim: This fact is
evident if the resistance for model 84-EF-3 is determined
from the general test data (see iig. 40) using the same trims
Qbtained for model 84-EF-1 in figure 25.

The only visible effect on the spray at low speeds is the
clearing of the afterbody from the water at a lower speed for
the greater depth of step. (See figs. 26 to 28.)

In iigure 29, the resistance coefficients at high speeds for
0.40-inch and 0.70-inch depths of step are compared at
attitudes of the hull (trim ~ for minimum water r~igt~ce,
for 5°, and fpr 6°) which are practical for the operation of the
hull and presumably can be obtained with the control
moment available at these speeds. The effects of ticreasbg

the depth of step were similar to those reported in reference 4.
Increasing the de~th of the step by raising the afterbody
provides greater clearance and reduces the resistance.

.!
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In figure 29, model S4-EF-1, no data are shown for-the
light lords at 5° and 6° trim because of a sticking and ac-
companying verticrd instability not present at the trim for
minimum water resistance. A similar sticking and instabil-
ity is reported in reference 1. When the trim of the hull is
such that the afterbody keel is nearly horizonq the flow
from the main step suddenly covers the entire afterbody
planing surfuce and the resistance and draft are suddenly in-
creased. The flow then changes, permitting the model to rise
ngain. Often the model jumped completely clear of the

.

----

water. The instability did not appear at the trim for mini-
mum water resistance because the attitude of the hull was
below the range in which the afterbody surfaces me parallel
to the water. At a trim of 8° at high speeds, the forebocly
of the model is cIiar of the water for Iight loads and tha
resistance and sp~ay are the same as obtained when a hull is

& on the’ dfterbody only. Increasing the depth of
step b. 0.70 inch (4.4 percent of the beam) by raising the
entire aftarbody apparently removed the tendency toward
instabili~. /
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It was difiicult to interpret the sticking and
instability in terms of full-scale performance
because no attempt was made to obtain dy-
namic similarity. The mass moving vertically
included the heavy model, the towing gate,
and counterweights used for adjusting the load
on the model. The model was also being towed
at fixed trims and any changes in moment had
no effect on the attitude of the hull.

Later experience with dynamic models indi-
cates that the depths of step used in the series
were too small for pres.ent-chy take-off speeds.
Depths of step from 6 to 10 percent of the
beam are now considered necessary to avoid
dangerous instability at high-water speeds in-
duced by the sticking observed in the present
teats.

Effect of angle of afterbody keeL-A com-
parison of the low-speed performance for three
angles of afterbody keel is presented in figure
30. b the angle of nfterbody keel is increased,
the buoyancy and the hydrodynamic lift of the
afterbody are reduced for any deiinite trim.
To compensate for this decrease in lift the
model tends to assume a higher horn. At very
low speeds, this increase in trim is small and
the change in resistance is negligible. The
maximum effect is found at the hump speed
at which an increase in angle of afterbody
keel of 3j4° caused a mtium increase in trim
of about 4° and an accompanying increase in
free-to-trim resistance of about 25 percent.
Most of the increase in resistance is due to
the change in trim, the higher trim causing a
greater departure from the trim for minimum
water resistance.

The spray photographs for the variations of
angle of afterbody keel are given in figures 23,
26, and 31. With the high angles of afterbody
keel, the roach from the after planing sur-
faces continues to strike the tail extensions
at slightly higher speeds. The grehter clear-
ance provided by the high angle of after-
body keel crmaes the afterbod~ to come out

r / Model
1’

Bo W Stern Depfh of si~ h

— 84-Ef-l / 4 0.40

/’
—— t34-EF-z I 4 .ss

y

/
/ –––— &74-&-3 j 4 .70

-4

of the water at a lower speed. From observations and
photographs it is concluded that at low speeds the model
with the low angle of afterbody keel, model 84-EF-1, was
the cleanest running.

In the investigation of the effect of tti variation on high-”
speed performance, angles of afterbody keel of 5.50° and
7.25° were used. Using a higher angle is not advisable
because it obviously causes too great an increase in the

, , 1
.5 .!0 1.5 2.0 25 .30 3.5

. Speed coefficient, G
40 4.5

FIGURE 2&—Effmt of depth ofstep. Angleofafterbodykea~&5°. Cbfne Sam on forebody onfy.

hump resistance. The results of the tests are compared
(fig. 32) at the trim for minimum water resistance and at
5° and 6° fixed trim. The same conclusions may be drawn
horn these tests as were reported in reference 5. By
increasing the angle of afterbody keel a greater clear-
ance is obtained for the afterbody and the mea of the
after planing surface struck by water from the main step is
reduced.

7400234&18
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Comparison of the curves shows that a
greater difference in resistance is obtained
at 60 trim than ~t 5° trim. A greater’ differ-
ence is also obtained at ~50 than at the trim
for minimum water resistance, which,i~ gen-
errdly lower thim 50. The l$gher trims cause
the afterbody to approach the horizontal and
consequently to be in a position to be wetted
by the flow from the main step. The”model
with a higher angle of afterbody keel in com-
bination with a shallow step displayed the
same verticnl instability noted in the inves-
tigation of the effect of depth of step. The
angle rLtwhich the instability occurs is changed
to correspond to the angle at which the after-
body keel is parallel to the water surface.
11’or model 84-EF-4 with a 7.25° angle of
nfterbody keel, this instability ii.rst appeared
for a load of C~=O.05 at a trim of 7°. At a
trim of 8°, CA= 0.10 was also unstable. The
vertical motion was very slight at a trim of 9°.

These tests indicate that an angle of after-
body keel from 6° to 7° is the most suitable
compromise for satisfactory resistance at
the hump speed and at planing speeds. A
form of hull with a decreasing dead rise on
the afterbocly in combination with a higher
angle ‘of afterbody keel as in model 84-EF-6
might be used. This combination ivould
improve the resistance at the’hump and auto-
mrhxdly maintain increased clearance of the
nftmbody for good high-speed performance.

Effeot of the additiori of ohine flare.-In
order to investigate the effect of the chine
flare, the original models were tested with
the flare removed. The results of the general
free-to-trim tests are summarized in figure 33,
and the effect of the addition of chine flare
on the spray characteristics is shown in
figures 15, 16, and 26.

In figure 33 a comparison is-made of the
etlect of adding chine flare to the forebody
alone, model 84-EF-1, and to both the fore-
body and afterbody, model 84-EF. The
following comparisons are made with model
84-E, on which the flare was removed. The
addition of the chine flare on the forebody
alone resulted in a small increase in trim

/’ Angk of afterbody

k /“ Model Bow Stern kee~ deg

– 84-EF-j ] 4 550
— 84-EF4

‘-–-- –84-EF-5 ;
4

/{
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●

L
o .5

J
10 J.5 2.0 Z.5 30 35 4. n 45

Speed coefticien+,c.
..- ---

FIGURE2JI.-Effect ofangleofafterbody!m@.LDepth oftip, 0.40fnch. Cbfneil.areon fem~y onfy.

before the hump, the resistrmce remaining about the same. At
the hump, the effect on either the trim or the re+stance is
neg&lble. The iniluence on the spray characteristics
was very marked. It is d.iflicult t-n determine the effect
of the flare on the spray from the stern photographs
(figs. 16 and 26). At speeds near the hump, the model without
the flare has a higher and more dense bow blister. The
observations i&licate~ however,that a chine flare on the fore-

body is desirabletioughout the low+peed range. This con-
clusion is similar to that drawn from the results of tests
reported in reference. 6, for corresponding widths and angles
of flare. The addition of chine flare to both the forebody
and afterbody, model 84-EF, not only improved the spray
characteristics but also caused a decrease in trim at the
hump of 1° and a decrease in resistsmce of 8 percent. Most
of the change in resistmce is due to the reduction in trim.

.
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.

Tlm pr=ence of the flare on the afterbody
increases the lift of the nfterbody and
causes the hull to sssume a more favor-
able attitude. The photographs (Q. 15)
show the spray and the wave form. The
chine flme on the afterbody apparently
has little effect on the spray produced by
the afterbody. The cum-w (figs. 5, 12,
and 17) show the same reduction in trim
and resistance. The bow photographs
(figs. 6 and 7,8 and 9,10 and 11) maybe
compttred to see the effectiveness of flare
on both forebody and afterbody in con-
trolling the spray.

The relative effect of the flare on the
afterbody at high speeds maybe seen by
comparing the fixed-trim tests of model
84-Al? and model 84–EF–1 (fig. 34).
Thcae models are similar except for the
tail extension which dow not affect the
performance at high speeds. The effect
of the flare on the afterbody at planing
speeds is to increase the rwistance.

Effeot of the addition of a third planing
surfaoe. —In order to investigate further
the effect of the flow around the stern, a
phm.ing surface with sharp chines was
added to the original round tail. The
results of the general free-to-trim tests
aro given in figure 35. The effect of add-
ing the chines and the planing surface to
the tail, model 84–H, is small, indicating
that the rounded tail, model 84-D, pro-
duces no tendency toward sticking.
There is a negligible decrease in trim just
before the hump if the third planing sur-
face is added. The discontinuity at the
hump, associated with the cleming of the
tail from the water, occurs at a higher
speed for model 84-H with the added
planing area.

The photographs (figs. 14 and 36) show
very little difference in spray for the two
models. The amount of loose water

“r:, ” .
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/ / — 84-2F / 4 Chine flore cm forebody
ono’ ofterbody

1/ ‘—84EF-I J 4 tiine flm-e WI f-body only

f4 / –--–-84-E I 4 Itithou+ chine flore

/,

.5

thrown vertically, when the roach strikes the tip of the
tail, is greater for the round tail. Wh% a low afterbody
this effect may be very important. The water striking the
tip of the tail seems to have no effect on the trim.

Effeot of ohines on the bow.—The general free-to-trim
results with the chines on the bow, model 84-A, and with
the chines rounded, model 84-J, are presented in fiawe 37.
Although the chinw on the bow have little effect on either
the trim or the resistance, the photographs (@s. 7 and 38)
show very large differences in the spray. Instead of having
the spray deflected downward, the model with rounded chines
has a large amount of loose water thrown up and forward,
These photogmpbs indicate that a fad;mg out of the chines

#

/0 Is 2.0 2.5 30 35 4.0 45
Speed coefficlen~ C.

Fmum S.—Effectof chine Ilmo.

at the bow is definitely undesirable even in smooth water.
Design charts.-Complete data for model 84-EF-3 are

presented for design purposes. The detailed genmal free-
to-trhn curves are included in figure 39. The results of the
iixed-trim tests me presented in the form of charts (fig. 40).
The use of these charts is explsined in reference 1. The
trkcs and drafts at rest, covering a practical range of loads,
are given in iigure 41. Typical spray patterns at high speeds
near the trim for minimum water r&stsmce are shown in
figure 42. The low-speed photographs are presented in
tigure 28. Because of the large amount of
sented in this report, corresponding design
84-EI?-4 and 84-KF have been omitted.

other data pre-
data formodels
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Apparatus,-Seven combinations of the
NACA model 84-series flying-boat hulls
were tcated in the Langley 8-foot high-
speed tunnel and measurement of aerody-
namic drag, lift, and pitching moment
were made. The prcmnt teats were prima-
rily concerned with the drag. For pur-
poses of comparison, similar data were
obtained by tating three streamline bodies
from which the hull shapea were derived.
FiWrO 3 ihmtrates the various comb~~-
tions aa.rodynamically tested.

Two vertical streamline stawts supportad
tho models and these struts, which were
attached to the balance ring of the tunnel,
were braced laterally by additional struts.
I?airing enclosed the forward vertical strut
for most of its length and completely
shielded the lateral brace. Pitch-angle
chnngcs were obtained by pivoting the
model at the front strut and then raising
or lowering the rear strut as desired. Fig-
ure 43 shows a streamline model and its
supporting struts in the wind tunnel. Fig-
ure 44 illustrate the method of supporb
ing the model by wires for tare runs in
such a way that the model was supported
in place without touching the struts.

Methods,—Aerodynamic measurements
of drag, lift, and pitching moment were
made at 260 miles per hour for a range of
pitch angle a from —4° to 12° in incre-
ments of 4°. The base line used for pitch-
angle measurements was that defined in
“Description of .Models.” From these
data, the cmgle of minimum drag was
determined.

With the model set at the angle of min-
imum drag, force measurement w%remade
at velocities from 100 to about 420 miles

‘/

‘“/\/\ lq-.8

/
\

( \

//

Model Bow Sfem Description

t — 84-D I 2 Rounded sfern

4

Y

—— 84-H / 2C V-bot~ wifh

12
ctines on siem.

,<
I , 0 !

.5 1.0 1.5 2.0 2.5 30 3.5 4.0 45
Speed Coefftient, G

FIGURE36.-Efl@t of chims on low 6tbnL TVithont china ~

per hour and at a Reynolds number of 30,000,000 based
on fuselage length, data being obtained at eight diflerent
volocitica. This invdgation is the only one of its type in
which data were obtained at such high speeds, through and
above the actual speed range encountered in flight, and at
such large Reynolds numbem.

Tare runs were made with the plnin and warped streamline
bodies. At the pitch angle of 0°, force measurements were

made for velocities from 100 to 420 miles per hour; at n
constant speed of 260 miles per hour, similar measurements
were made for various pitch angles from —4° to 12°. The
tare force values thus obtained with streamline bodies were
used with thcdmll-model data, these force values being inter-
polated and extrapolated when neceawuy to determine me
tare forces on struts for the d.iilerent minimum pitch angles
at which the hull models were tested.
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The errors that affect the absolute accuracy of the drag
results can be divided into accidental errors and systematic
errors. The accidental errors are the only ones that affect
comparative results and are indicated by the scatter of the
tare results plus the scatter of results. The sum of these
variations is of the order of 2 percent of the drag.

The systematic errors consist of horizontal buoyancy and
t&nel-wall eflects. Horizontal-buoyancy corrections ranged
from 5.5 to 6.5 percent of the minimum drag. These correc-
tions were made. No tunnel-wall corrections were made but
the constriction correction, which is probably the greater
part of the total correction, would be about 2.4 percent;

consequently, the error due to wall effects was probnbly loss
than 3 percent.

The errors in lift coefficient (7fiand pitching-moment coef-
ficient OMfor comparative purposes would best be indicated
by the point scatter and are +0.003CL and + O.0010~.

. FtmULTSANDDISCUSSION

The aerodynamic force measurements, except as moy ho
noted otherwise in the figures, were made with fked transi-
tion that was produced by placing a ring of Carborundum

-5 perwt aft of the bow. In this way, air-flow condi-
tions were produced that approximated the actual conditions
at full-scale Reynolds numbers (figs. 43 and 45). (See
reference 7.)
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Drag coefficients based on both maximum
cross-sectional area and (volume)’~ of models
are resented.

d!
The coefficients and symbols

use are as follows:

where
o“~ drag coefficient based on maximum cross-

sectional area of mod~l
O~V drag coefficient based on (volume)’n of

the model
D drag of model, pounds
q dynami~~ pr~sure, pounds per square

()foot @
A maxim& cross-sectional area of model,

square feet
and the volume of the model is measured in
cubic feet.

Lift and pitching-moment coefficients are
based on (volume)’n of models.

and

whore
0~ lift coefficient
0~ pitchinf-moment coefficient
Ma moment about point of intemection of

base lino and hne perpendicular to base
line passing through axis of rotation,

, inch-pounds (See fig. 3.)
1 model length, inches

The data are presented as curves of drag
coefficient at the angle of minimum drag
against the Reynolds number R based on
hull length. Drag-coefficient data as well w
important dimehions of the models are given
in table V. Lift and pitching-moment coeffi-
cients are plotted against pitch angle for a
velocity of 260 miles per hour.

Varying the height of tail of the streamline-.
models had no effect on the value of the mini-
mum drag coefficient, but an increase in height

:.06

.04

.02

t’iii iii!0.0
>?

1111 l.1~,”11

of the tail increased the angle of minimum-&g as would be
expected (fig. 46).

Increasing the depth of the plain stre&nline body by the
addition of an 8-inch spacer block decreased the minimum
drag coefficient, based on mea, by about 6 percent; but,
based on (vohune)2@, the minimum drag co6f6cient increased
about 6.5 percent (fig. 47). The reason for this variation

5peed coefficient+,~

FIQIJE~w.—Mtid S4-EF-3. FreeAcPtrim oharaateriat[m.

may be readily seen when the figures for the area and (vol-
ume)zn for spactm with nose 1 and tail 1 are compared with
corresponding values for nose 1 and tail 1 without the spacer.
(See table V.) The increase in (volume)’fi with the spacer
is not so great as the increase in cross+ ectional area; the
drag coefficient based on area is therefore smaller than the
drag coefficient based on (volume) ’n.
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increased the drag coefficient; the minimum drag
coefficient, based on area, for bow 1 and stern 4
was about 19 percent greater than the correspond-
ing value for bow 1 and stern 2 and, based on
(volume) ’~, about 17 percent grentw (fig. 60).
Bow 1 and stern 3 showed an increase in min-
imum drag coefiiciant over that for bow 1 and
stern 2, based on mea, of 7 percent and, based on
(volume) ’n, of about 6.5’ percent. In view of tho
fact that the variations in tail height of the
warped streamline bodies caused no changes in
the magnitude of the drag of these bodies, as
previously noted, the increasea in drag of the
hull models, due to changes in tail lmight, are
apparently due to the larger pointed aftmbody

FIQIJRE40.-Mtiol 84-RF-3. Con@lnd@l

Increasing the height of bow of the hull models increased
the minimum drag coefhcient; the value for the high bow
was 4 percent grater than the vsJue for the low bow, whereas
bow 2 showed ofdy slight increases of the order of 1 or 2
percent. These results indicate th+t hydrodynamic char-
acteristics will probably be the deciding factor in the choice
of bows. An increase in the height of bows shows a corre-
sponding decrense in the angle of minimum drag (fig. 48) .

In figure 49 it is shown that increasing the angle of dead
rise at the bow had little or no effect on the minimum drag

or angle of minimum drag. This result indicates that bows
with greater angles of dead rise may be used with no detri-
mental effects to air drag.

bcreasing the height of the stern of the hull models

sections wk:~h accornmuv the hkher- tafl- lomtions ~d are
not directly due to the [hanges & tail height. Hartman’s
tests (reference 8) substantiate this point by showing lingo
&ag ~eren~ between two hull models, models 36 and 40,

which differed mainly in that one hull had a large afterbocly,
whereas the other one did not.

Increasing the depth of step 75 percent increased the
miiirnum drag coeilicient by only 2 percent and had no
effect on the angle of minimum dmg (fig. 61).

The lift and the pitching-moment data are presontod in
figures 52 to 54. In the application of these data to the
design of flying boats, it must be remembered that these
data apply for the hull alone and do not include interference
effects of the wing and other parts.

.



AERODYNAMIC AND HYDRODYNAMIC TESTS OF A FAMfLY OF MODELS OF FLYING-BOAT HULLS 287

7=4” ,..,
.,

CA-.2

- ;:,.;

cA-.~ ,-
-. ,.i

cA-.4 “:

..
J . .,,

-. . .

+;’. ,:
.,

,.5.+

T-4”

CA-.2 .

,.
..’

-..-.. ..

l--i” .

CA-.6 CA-.4

Cv-hw cv-7.lo

FIawrc+42.—Afcdel .S4-EF+. Bow 1, skm 4. Depth of sbp, 0.70 lno angle of 8ft@rbMy keal, S.&. ohfne &m an forebady only.



..
FIOUEE43.–l’ho lnstnllntlonofstrmmllnebody;kwo 1 and kill 1, In tho Im@oy S-fret hlghqwod tunnel.

,, ,,.

,,. ”
.,,5

.

FIOUUE46,—Tho Instnllnllon of tho hnll combhmtlon of lmv 3 nnd slom 3 In tho Imgloy 8-foot blgh.sfml tunnd.

4
a
CJ

Flaum44.-Tore-drnghtnllntfon te holdmulel In placeby miresw tbnt the mwleldoesnot touchelrats.

.



,

I ! I I

R=2C25XB4

“ .(M
V=2 o Ph

i 1 1 1

1 I I ! I 1 i I I 1J8

.17

.—-.
J6 ..— -- —.. —-. —

I I
N ‘ t

fie -“
!Tall I I

./5

.14 Nase Z

.10
‘i.
c

I I 1’ I 1
05

I I I I I I I I

D
Rey%s n~”~, R

25 3oxm -4 e
Pit”& ar$q q 8&g.

‘a

FIGURE4&-DPJg$ffootsofheightoftall ofstrw.mllnobY31ea FIGURE47,—IM3eflootnof lncmasd depth on stronmllmcbodlw.



NJ
co
o

.

J3

.12 v II I

.—

II Iqb “’, 2Q0 “, 3qi “, +1, I A/i’ I

/vll\ !.11 !..! r , I , ~r-kk!d-’fhi- I I I u A /1 1 1, I

,07

.08

.05

.04

193

I

r

)?IOUEE 4&-Effect Of baw he&ht ofhull% FmuaE 49.–Effe@ofangleofdeadrfsoat ImwofhoIL

.



18 1 I
[ I [ ! I Sk-n

,

J7
Bow 1. .--”

I
-~-—-

1 /
I I I I

.16

m

Hdl b“odies ‘- no &h fling fixed transl~tm a+ /

B; w S+em ! 5 percent,
2

I

J5
4.- --- [i

—b— / 2 I I I I I I /4

!2
u

.e
P

~

1!
+4

~amm t&.-Effeat ofholghtofstern ofhulk, FIOUFW61.–Effootof .9t0pdcptb of hulk.



292 R.D20RT NO. 76 6-NATIONAL ADVISORY COMMJTTDE FOB AIIRONAUTIOS

1

Pitch angle ccdeq

ImmJExEL-uft dam ofstmmlhm bodiedand halls. % appmximataly2MXl~ V,approximately~“mdh pm hwrr.

.08

.07

.06

.05

.04

.W

A --- .Oz

.01

0

:0 I

702

-4 -3 -2 -1 0 I 23456 7 89 fc?/f 1213
Pitch 0ng18. a+ deg

~GUEE s3.-VarIat3on OfpitcMng mOIUeIlt with pitdl allgia Of ~ bcdlu and hulls. Rj approxiumtely Z).5X1W V, approximate MO mf!JM pr hoar,



.

AERODYNAMIC AND HYDRODYNAMIC TESTS OF A FAMILY OF MODEL9 OF FLYINQ-BOAT HULLS 293

0 5 10 15
Reynolds nu%er, R

25 30 35XI0’

fiGURE SL-%’EuhtfoU ofpitohingmOm~t with ROynOld&InUdIW Ofsk3diIM bodk ond htdls.

In r6sum6, increasing the height of the bow, the angle
of dead rise at the bow, or the depth of step of the hull
models did not produce any great changes in drag. Increas-
ing the height of stern, however, produced relatively large
changes in the drag with indications that these changes were
mainly due to the effects of the pointed afterbody.

CONCLUDING REMARKS

The small effects on the drag coefficient of the variations
in the form of bow tested indicate that the method used in
deriving the lines results in a satisfactmy aerodynamic form
of bow over a wide range of height of bow. There is little
evidence of signiiicrmt increases in drag resulting fi-om cross
flow over the chines at the bow even in the case of the greatest
departure from the basic form. It is inferred from the results
that sufficient chine flare to control the bow wave at low-
speeds would have a negligible adverse effect on the drag;
likewise, fading out the chines at the bow would have only
a small favorable effect. With the correct form and location
of chine, an increase in dead rise forward by dropping the
keel line also has a negligible effect on drag.

The photographs of the bow waves at low speeds indicate
that chine flare and increased dead rise at the bow are
definitely desirable for cleanness of running even in smooth

740923-4-20

water. Rounding the chines at any point likely i% be wetted
in service appears very inadvisable. When. all the factors
are considered, bow 2B with chine flare is the most suitable
for the hull loadings investigated. Various alternatives in
form of bow- appear tc be possible without large increases
in drag, provided that close adherence to the streamline
body is maintained and the chines are correc~y located.

The raising of the streamline body aft has no effect on the
drag but, when the hydrodynamic surfaces are added, there
is a large adverse effect. The most suitable compromise
among aerodynamic, hydrodynamic, and structural requir~
ments is more difticult to obtain. The tail surfaces must, in
any case have suilicient clearance to avoid excessive damage
from spray. Because, when used with a pointed afterbody,
the low tail is aerodpmnkally and hydrodynamically better
except for the decreased clearanm, the best compromise
might be to use the low tail with a pylon to carry the nero-
dymunic Slllf=.

The increase in the drag of the hulls over that of the
streamline body is attributed mairdy to a strong disturbance
of the streamline flow caused by the aftarbody volume
external to the basic form. For this reason, it is inferred
that small changea in form, such as the addition of chine
fl~e or decrease in the angle of dead rise near the stern
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post, would have little effect on the air flow over the aftar
portion or on the drag of the hull. On $he other hand, these
~mall changes result in a pronoticed- decrease in water
resistance at the hump speed and in only a small adverse
effect on the water resistance at high pkning speeds; they
therefore appear to be over-all” improvements in form if
structurally feasible.

Because of the small increase in aerodynamic drag caused
by incr- in depth of step and the marked hydrodynamic
instabtity resulting from too shallow a step, it appears
inadvisable to attempt to obtain appreciable reductions in
drag by this means, particularly when the take-off speed is
high. The effect of small changes h depth of step on water
resistance can be neglected. Further investigations using a
free dynamically correct model are required to determine the
minimum allowable depth of step for a given hull, and th~e
investigations would have to be correlated with full-size
behavior to be of practical value. Before this is done, a
minimum depth of step of at least 8 percent of the beam
should be used for the hulls of the series.

The angle of afterbody keel has a large effect on the trim
and water resistance at the hump speed and it must be
fairly low to control properly the tfim at this stage of the
take-off. Unfortunately, it was not possible to ob.@in its
effect on the aerodynamic drag of the serk because of the
limited availability of the high-speed tunnel. h the case
of model 11–A (NACA TN No. 525), an increase in angle of
afterbody keel resulted in an increase in drag, presumably
because of increased turbulence behind the step. In the
case of the NACA 84 series, however, there is the possibfiiQ
that a higher angle of afterbody keel would decrease the
interference with the flow over the streadine body, which
would have a favorable effect.

The present investigation indicatea that the aerodynamic
drag coefficient of a planing type of hull need not be more
than 2S percent greater than that of the body of revolution
from which it is derived. This diflerentiil might be reduced
by the development of a form of afterbody that has less in-
fluen~ on the streamline flow over the after portion of the
basic form than does the conventional pointed type.

LANGLEY hlEtiORIAL AERONAUTICAL LABORATORY,

NATIONAL AD~~ORY Commrr ED FOR AERONAUTICS,

LANGLEY FIELD, VA., March 24,194.3.
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TABLE I.—NACA MODEL 34 SERIES. OFFSETS FOR BOWS 1, 1A, 2, 2B, 3, and 3B
[All@lffl inin.]
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TABLE” 11.—NACA MODEL 34 SERIES. OFFSETS FOR STERNS 2, 2(2, 3, and 4
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TABLE 111.—ADDITIONAL OFFSETS 1 FOR VARIATIONS IN AFTERBODY BOTTOM OF STERN 4

[Keef and bnttcd Hned oro stm@t]

i For mmalning oflwts and typleal swilon, sw hhk II.

TABLE IV.—NACA MODEL S4 SERIES
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